Objectives. To describe variability in the burden of firearm violence by race, income, and place in an urban context.
highest-income block groups when compared with high-income White individuals. Firearm assault events tended to occur in low-income areas and were concentrated in several "hot spot" locations with high proportions of Black residents.
Conclusions. Profound disparity in exposure to firearm violence by race and place exists in Philadelphia. Black people were substantially more likely than White people to sustain firearm assault, regardless of neighborhood income. F irearm violence is endemic in the United States. 1 On a national level, disparities exist in firearm victimization; young adults, males, and non-Hispanic Black persons are at highest risk for violent firearm injury. 2 There has been increasing interest in describing factors associated with firearm injury in urban environments. In one of the few published analyses of city-level firearm violence, Walker et al. 3 found that Hispanic and non-Hispanic Black people were significantly more likely than White people to be victims of firearm homicide in Chicago, Illinois. These authors suggested that because race may be a surrogate for income, public health interventions should be aimed at alleviating poverty to reduce firearm violence in the city. 3 The relations between race, socioeconomic status, and place, as they determine firearm injury risk, are complex. To guide local public health interventions, a greater understanding of how these factors potentiate violent firearm injury in the cities where firearm violence is most prevalent is needed. In particular, delineating the unique contributions of race, income, and place as correlates of violent firearm injury risk is an important first step in developing targets for prevention. In this descriptive epidemiological analysis, we used police data to map the burden of firearm violence and quantify its variability by race and neighborhood income in Philadelphia, Pennsylvania, a city with a historically high rate of firearm violence.
METHODS
The Philadelphia Police Department collects person-level data for every firearm assault in which a person is killed or injured. For this analysis, we accessed records from January 2013 to December 2014 (n = 2175). Available fields included victim characteristics (sex, age, race), event location and residential address (both masked to city block), and assault type (interpersonal violence, robbery). We geocoded each event location and victim residence and calculated counts of firearm assault within the 1336 US Census block groups in Philadelphia. Geographic data were available for most records; 2149 event locations (98.8%) and 2001 victim addresses (92.0%) were geocoded.
We used American Community Survey 5-year estimates (2010-2014) to identify the total population, racial composition, and median household income for each block group. 4 We calculated the mean yearly incidence of firearm assault events and victim residences by block group, stratifying by race and income. Then, we created raster layers describing kernel densities of victim 
RESULTS
Victims were mostly young (mean age = 28 years; SD = 10 years), Black (82.0%), and male (92.0%). Most injuries resulted from interpersonal violence (92.0%), and 18.8% of firearm assaults were fatal. Firearm assaults were most likely to occur in lower-income block groups (event location median income = $25 125; interquartile range = $18 074-$433 500).
The rate of violent firearm injury was 5.0 times higher (95% confidence interval [CI] = 4.5, 5.6) for Philadelphia's Black population compared with its White population ( Table 1 ). The rate of firearm assaults decreased as residence block group income increased for all victims. Absolute rates for firearm violence decreased to near zero for White populations residing in the highest-income areas. Across all income levels, however, firearm assault rates remained higher in Blacks. In the highest-income block groups, relative risk of firearm assaults reached 15.8 times higher (95% CI = 10.7, 23.2) for Black residents compared with White residents. Black residents of block groups with incomes greater than $60 000 per year had firearm assault rates similar to those of White residents of areas with incomes between $20 001 and $30 000.
Visual inspection of kernel density maps in Figure A (available as a supplement to the online version of this article at http://www. ajph.org) suggests that both victim residence and firearm assault event locations were found more often in lower-income areas. Event locations tended to concentrate in several "hot spots," whereas residential locations were slightly more dispersed. The racially stratified kernel density maps ( Figure A) illustrate how violent firearm injury event locations tended to concentrate in areas with higher proportions of Black residents. There appears to be 1 hot spot of both event location and victim address for firearm violence involving White victims located in an area of the city with a relatively higher proportion of Black residents compared with White residents.
DISCUSSION
Our findings indicate substantial racial, economic, and geographic disparities in rates of firearm violence in Philadelphia. Firearm assaults were concentrated in low-income areas with predominantly Black residents. Although living in a higher-income area was protective for the population overall, it did not protect Black residents from firearm violence to the same degree as White residents. In fact, Black residents of the city's wealthiest block groups had the highest relative risk of firearm injury when compared with White residents. Therefore, unlike previous research in Chicago, race does not appear to be a surrogate for economic status in determining violent firearm injury risk in Philadelphia. 3 Rather, our findings echo those of Kalesan et al., 5 who found that nationally, Black children were more likely than White children to be hospitalized with firearm injury regardless of neighborhood income level.
The literature supports the idea that living in a higher-income block group in a neighborhood with higher collective efficacy (e.g., social cohesion) mitigates individual firearm assault risk, even for those at high risk for victimization. 6, 7 However, Black residents of higher-income areas experienced firearm injury at rates similar to low-income White residents. Thus, something distinct links racial status and firearm assault risk in our study. Structural factors such as segregation of Black communities likely contributed to the increased risk of firearm violence we observed. [8] [9] [10] This study should be interpreted with its limitations in mind. First, it included only descriptive analyses and cannot suggest the causative mechanisms by which disparities in firearm violence develop and persist. Moreover, the study was limited to a 2-year period in 1 city and did not include other sociodemographic factors such as ethnicity. However, these analyses make several critical contributions. First, we used cartographic modeling to characterize the geographic concentration of firearm violence in an urban context. The maps ( Figure A) and their derived quantified rate ratios support previous conclusions that urban firearm violence may be best understood as occurring at several high-risk locations or hot spots, which represent important targets for place-based violence prevention interventions. 7, 11 Second, although indicators of social disadvantage have been correlated with homicide rates in general, less is known about their effects on firearm violence specifically. This analysis makes an important first step and is, to our knowledge, the first of its kind to examine the relations between race, income, and violent firearm injury incidence within an urban context.
PUBLIC HEALTH IMPLICATIONS
In Philadelphia, race and geography correlate with firearm assault risk in ways that may be independent from other markers of social disadvantage. Although public health programs such as CeaseFire have had some success combating urban violence by addressing high-risk individuals, the structural factors that result in concentrated disadvantage along racial lines need equal consideration in the effort to address violent firearm injury in US cities. 12 Public health interventions and policies should focus on further understanding and alleviating the structural causes of disparities in exposure to firearm violence to promote health equity. 
